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IKTHODUCTiaS 

This  ^esis  is  presented  in  two  sections,  determination  of  alcohols  and 
detentination  of  telluric  acid* 

Alcohols 

Th«  study  on  alcohols  was  undertaken  to  determine  whether  the  rate  of 
color  deoay  of  the  colored  oaii;>lex  fonaed  ndtieei  an  alcohol  is  mixed  iri.th 
ammonivBa-hexanitrato-oerate  reagent  eovad  Iw  used  as  a  quantitative  method 
of  alcohol  determination.     Single  and  rapid  methods,  especially  for  the 
determination  of  low  concentrations  of  ethyl  alcohol  in  small  saaples  (e»  g., 
blood  alcohol  level),  are  needed.     It  was  felt  that  a  ^eotrophotonjetrio 
method  suitable  for  direct  detersiination  of  alcohol  might  prove  to  be  more 
siniple  and  rapid,  and  also  more  accurate  than  existing  methods* 

Telluric  Acid 

A  need  existed  for  a  method  of  determining  telluric  acid  in  the  pres«no« 
of  small  smomts  of  other  acids.  Prior  to  this  stud^y,  the  methods  which  had 
been  used  for  the  determination  of  telliaric  acid  were  involved,  time-consuming, 
and  required  careful  o<mtrol  of  e3q>erimental  conditions.  These  asthods  wer* 
not  entirely  satisfactory,  since  occluded  acids,  especially  nitric,  gave  high 
results.  This  is  a  problem  because,  in  the  roorystalli^ation  of  telluric 
acid,  nitric  acid  is  commonly  used  as  a  precipitating  ag«it.  Since  telluri© 
acid  solutions  absorb  in  the  ultraviolet,  it  was  felt  that  a  spectrophotometric 
method  might  possibly  eliminate  the  interference  by  other  acids  sad  be  used 
for  rapid  and  accurate  determinations  for  the  pure  telluric  acid. 


DETERMIHATION  OP  ALCOHOLS 
Literattira  Survey 

A  sasroh  of  -Ui©  literature  revealed  several  qualitative  and  quantitative 
methods  for  determination  of  alcohols*  These  methods  include  boiling  or  frees- 
ing  point  ohangesi  oxidation  with  bromine,  potassivsa  permanganate,  or  potassium 
dichromate  under  varied  oonditions*  with  determination  either  of  the  aiawmt  of 
oxidant  used  or  of  the  products  of  oxidationj  electrolytic  oxidation;  prepara- 
tion of  derivatives;  and  mass  spectrometer,  Becatise  of  their  axoessive  ntEnber, 
references  to  these  methods  are  not  listed  in  this  study. 

Dvike  and  Smith  (5)  reported  the  vise  of  hexanitrato-  or  perchlorato-oerate 
anions  in  acid  solution  as  a  qualitative  jbest  for  alcohols.  A  red  complex  is 
fomed  immediately  when  the  reagent  is  mixed  with  an  alcohol  solution.  However, 
this  color  is  not  stable*  The  color  produced  with  tertiary  butyl  aloohol  is 
more  stable  than  the  color  produced  with  primary  or  secondary  butyl  alcohols* 

In  1945,  Duke  (2)  reported  the  use  of  aqueous  ammonium  hexanitrato-cerate 
for  quantitative  determination  of  alcohols  vp   to  2*5  milliaioles  per  25  ml.  of 
solution  with  approximately  5  per  cent  aceuraoy*  He  msasured  the  extinction 
at  475  m^  at  a  definite  time  after  mixing.  He  states  that  the  decay  of  color 
is  a  straight  line  function  for  the  first  15  minutes,  and  that  the  value  ob- 
tained can  be  corrected  to  eero  time.  The  aaiount  of  aloohol  can  then  b« 
determined  from  empirical  calibration  curves*  The  rate  of  decay  varies,  per- 
mitting identification  of  the  alcohol  in  some  instances* 

Reid  and  Tiruelove  (8)  also  reported  the  use  of  the  colored  ooa5>lex  for 
aloohol  determination,  giving  data  for  six  alcohols  in  concentrations  from 
0*1  per  cent  (W/V)  to  0*8  per  cent*  Bieir  method  uses  5  ml.  of  alcotol  and 


2  ml*  of  aoidio  osrate  reagent  against  a  reageaat  blank  and  requirea  evaluation 
of  the  abaorption  exactly  5  minwtea  after  mixing.  The  wave  lengths  used  were 
those  which  pass  a  Hilger  Noi  061  olive  green  filter* 

Reagents  and  Equipmont 

1.  Cerate  reagent.  Ammoniiszi  hexanitrato~cerate  (200  grans)  was  dissolved 
in  sufficient  2£  nitric  acid  to  make  500  ml. 

2.  Aloohols.  Ethyl  alcohol  i9B%)   and  the  other  aloohols  used  (assumed 
to  be  100  per  cent)  were  diluted  to  give  stock  cooicentrations  of  5  or  10  per 
cent  by  volume.  The  oonoentration  of  the  10  per  cent  ethyl  alcohol  was  oheoked 
with  an  Imraersion  refraotometer* 

8.  Bookman  Model  00  speotrophotometer  equipped  with  a  water* jacketed 
lamp  housing,  a  set  of  thernio^>aoer8,  and  l*om.  eorex  absorption  cells* 

4*  Constant  temperature  bath  (Sargent  S-84860). 

6.  Centrifugal  pump  for  circulating  water  from  the  constant  tenperaturt 
bath  throu^  the  thermospacers  and  Ismp  hotising  cooling  coils  of  the  speotro<- 
photometer. 

Experimental  Data 

The  initial  e:q)eriinental  data  was  obtained  prior  to  the  installation  of 
the  wnter- jacketed  lan^  housing  and  cell  ooiopartment.  After  -the  cerate  reagent 
was  prepared,  an  absorption  curve  was  determined  for  1  part  reagsoat  plus  2  parts 
water,  using  a  water  blank*  The  resulting  curve  showed  a  sharp  decrease  in 
absorbaney  between  460  m/x  and  500  m//  ,  with  a  levelling  off  above  that  ware 
Issieth.  Therefore,  it  was  oonsidered  desirable  to  carry  out  the  detemination 
at  about  500  m/(  . 


The  solutions  vmre  oade  vp   by  adding  2  ml*  of  aloohol  to  1  ml*  of 
rMg«nt  and  diluting  th«  mixture  to  10  ml*  The  absorbanoies  of  -the  solutions 
were  aeasured  at  glTsn  intervals  after  nixing*  The  rate  of  deoa^,  #ii6h  was 
linear  is)  to  15  to  20  minutes*  showed  a  definite  decrease  as  the  alcohol  con- 
centration was  decreased  (Fig*  1)«  However,  since  it  was  desired  to  detsmla* 
lower  oonoentrations  of  alcohol,  othor  amouats  of  reagent  and  other  waT*  lengths 
were  tried* 

In  runs  at  470  m^  ,  using  a  cerate  reagent  blaak,  the  absorbanoy  was 
found  to  be  a  maxirnxia  (for  1  per  cent  ethyl  alcohol)  when  2  ml*  of  reagent 
plus  2  ml*  of  aloohol  were  used  for  10  ml*  of  solvition.  Therefore,  Ihls 
SBOunt  of  reagsnt  was  tried  at  500  m/J.    and  at  480  m/4.   with  Taried  concentrations 
of  ethyl  aloohol  down  to  0*25  per  oent,  using  a  cerate  reagent  blank  and  also 
a  water  blank*  For  the  determinations  at  480  n/x. ,  the  teaperature-oontrolling 
devices  had  been  installed* 

Determinations  were  made  alao  with  methyl  aloohol,  butyl  aloohol,  and 
tertiaiy  butyl  aloohol^  using  t^em  in  concentrations  of  2  per  cant  to  0*2 
per  cant.  The  2  per  cent  methyl  alcohol  gave  a  much  higher  absorbanoy  than 
the  2  per  cent  ethyl  aloohol  and  2  per  cent  butyl  alcohol*  These  in  tiim 
gave  a  deeper  color  than  the  2  per  cent  tertiary  butyl  alcohol*  The  first 
absorbancy  readings  were  taken  1*5  minutes  after  mixing* 

The  initial  color  decay  was  studied  by  adding  1  ml*  of  oerate  reagent 
to  4  ml*  of  alcohol  with  no  further  dilution.  In  this  way  the  first  ab- 
sorbanoy readings  were  obtained  90  seoonJs  eftar  mixing* 

The  absorption  of  tjie  reagsnt  was  oheoked  and  the  absorption  curve 
for  the  alcohol-reagent  oon?)lex  was  determined  (Table  1  and  Fig*  2),  by 
using  tertiary  butyl  aloohol  (tiie  most  stable  of  the  alcohols  tested). 
These  absorption  curves  show  that  the  most  satisfactory  wave  length  for  the 
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Table  1*    Absorptions  «t  22°  C.  for  reae^ent  using  HO  blank  and  for  alcohol- 
reagflnt  ooij^jIox  using  a  rsagent  bianK. 


Wave  length,  vljh        i 

Absorbanoy 

i 

Reagent 

!     Con^lex     ! 

Difference 

460 

1,89 

0*966 

-0*99 

470 

1,13 

0,840 

-0,29 

480 

0.660 

0*690 

0*030 

490 

0,590 

0*560 

0,170 

495 

0,295 

0,506 

0,210 

500 

0,220 

0*450 

0,230 

508 

0,174 

0,410 

0,236 

510 

0,130 

0*367 

0,237 

520 

0*072 

0.293 

0*281 

580 

0,040 

0*234 

0,196 

540 

0,019 

0,188 

0,169 

550 

0,007 

0*149 

0,142 

With  the  teQperat\ire  of  the  oell  oompartment  at  22     C.  and  >«aTe  lenf;th  set 
at  500  Bi/i  ,  the  absorbanoy  of  Iho  cerate  reagent  plus  ethyl  alcohol  solutions 
was  determined  for  concentrations  from  0,05  per  cent  to  2,0  per  cent,  using  a 
cerate  blaak,   and  for  o<mcent rations  frcn  0,05  per  oent  to  0,3  per  cent,  using 
a  water  blank.     The  rate  of  decay  dsc'x^ased  as  the  conocmtretion  of  the  aloohol 
decreased  xmtilj  rdth  the  0*05  per  oatit  aloohol,  the  color  was  nearly  stable. 
These  plots  of  absorbanoy  versus  time  for  ethyl  alcohol  show  iiiat  the  decrease 
in  absorbancy  is  linear  for  the  period  between  2  and  5  minutes  after  mixing, 
with  levelling  off  after  5  minutes  ham  elapsed.     Extrapolation  of  these  plots 
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10 

back  to  lero  time  giT«t  a  value  for  the  initial  absorbaac^  of  the  alcohol- 
reagent  mixture.     The  true  initial  absorbanoies  are  higher  thxaa.  those  ob- 
tained by  this  method,  but  are  not  readily  evaluated* 

Table  2  and  Fig*  3  show  -tiie  linear  relationship  of  initial  absorbanoy 
to  concentration  from  0«05  per  cent  to  1«5  per  cent  ethyl  aloohol* 

Figure  4«  in  idiioh  per  cent  transmlttanoy  was  plotted  against  log  con^ 
eentratlon  (iliyers  (1)  and  Ringbom  (9})«  shows  that  the  range  for  greatest 
relative  aoouraoy  in  determination  of  ethyl  alcohol  concentration  by  this 
aethod  Is  between  0*16  per  cent  and  0»5  per  osnt*     The  Initial  absorbanoles 
with  the  water  blank  show  also  a  linear  relationship  to  concentration*     This 
line  is  parallel  to  that  obtained  with  a  cerate  reagent  blank  (Table  3  and 
Flg»  5}«  but  shows  hi^er  absorbanoles* 


Table  S*     Initial  absorbanoy  of  1  ml*  cerate  reacent  plus  4  ml*  ethyl  alcohol 

at  500  ra^c  and  22°  C, 


Cone  EtCSI,  per  cent 

: 
t 

Cerate  reagent  blank 

t 

• 
• 

Water  blank 

0*06 

0.076 

0.309 

0*10 

0*142 

0.376 

0.20 

0*270 

0.505 

0*25 

0.335 

0*567 

0*30 

0*398 

0.630 

0*40 

0*530 

0*756 

0*50 

0.654 
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The  absorbanoiei  versm  tlma  at  22°  C*  and  500  rap.   were  also  determlzted 
for  methyl  alcohol,  igo-propyl  alcohol,  butyl  alcohol,  iso-butyl  alcohol,  and 
tertiary-butyl  alcohol,  and  these  curve*  were  extrapolated  to  obtain  the 
initial  absorbanoy.  Figure  3  and  Table  2  show  that  a  different  elope  was  ob- 
tained for  each  of  the  alcohols  detemined* 

Stabiliiy  of  Reagent,  A  check  was  made  on  the  stability  of  liie  cerate 
reagent  as  diluted  for  a  blank  (2  ml.  reagent  per  10  ml.  of  solution),  using 
a  water  blank*  After  the  first  10  minutes,  the  absorbanoy  at  500  m/x  was 
effectively  constant  for  at  least  2  hours  in  a  cell  coBupartment  kept  at  20  C. 
(Table  4). 

Table  4.  Stability  of  cerate  reagent  blaiik. 


Time,  min*    t 

1 

Absorbanoy 

2.0 

0.232 

4.5 

0.230 

6»0 

0.229 

7.5 

0.228 

9«5 

0.228 

15. 

0.227 

25. 

0.226 

89* 

0.225 

60. 

0.225 

90. 

0.224 

120. 

0.224 

The  cerate  reagent  stoek  was  also  stable  at  room  teiQ>erat\zre  for  at  least 
9  months  as  shown  by  absorbanoy  determinations  run  with  old  and  new  reagent 
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1 

stook  on  sewml  ooncentrations  of  othQrl  aloohol  at  500  m^  . 

Data  are  given 

(Table  5)  for  the  1  per  oant  ethyl  aloohol. 

loportance  of  Teiaperature 

Control,     A  temperature  d^eodenoe  etu^  usinc 

\ 

Table  5. 

Stability 

of  cerate  reagent  stock* 

Tine  after  mixing. 

rnin* 

m 

Absorbancy  of  2  ml.  reagent  plus  2  ml.  1/2 
Stoe  diluted  to  10  lal.  ve  reagent  blKik  at 
500  m/<.    and  ^5*^  C, 

Old  reagent               i 

Mtm  reagent 

1*0 

1*5 

O.SU 

2*0 

0,811 

2.8 

0,308 

0,810 

8.0 

0,305 

0,809 

8«6 

0,304 

0,505                           1 

4«0 

- 

0,302 

0,302 

4.5 

0,299 

' 

8*0 

6«8 

0,297 

0.299                          ; 

6*0 

0,297 

6*8 

0,295 

1 

7*0 

0.294 

0,298 

T.8 

0,294 

8.0 

0,292 

0,293 

8«8 

0,291 

0.292 

9,0 

0,290 

0,291 

9*8 

0.289 

0,290 

10,0 

0,238 

0,289 

1 

; 

: 
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ethyl  aloohol  (0*6  per  oant«  0»4  per  oent«  and  0*5  per  cent)  indloatee  tht 
neoesslty  of  oontrolllne  temperature  to  obtain  accurate  and  reproducible 
results*     The  data  show  that  ihe  rate  of  color  decay  and  ths   initial  absorbanoy 
increase  witii  increasing  temperature.     Figure  6  is  a  graphical  repre saltation 
of  the  data  for  the  0»6  per  cent  ethyl  alcohol* 

Discussion  and  Conclusions 

In  this  study  it  was  found  that  the  rate  of  color  decay  is  indicative 
of  the  concentration,  but  that  tlie  initial  or  sero  -tlnw  absorbancy  of  idw 
«Braonlun)~hexanitrato«cerate'>aloohol  complex  provides  a  better  laethod  for 
quantitative  determination* 

Reid  and  Truelove  (8)  plotted  absorbtiometer  drum  differences*  obtained 
exactly  5  minutes  after  mixizig«  versus  concentrations  from  0*1  to  0«8  per 
cent  (W/V)  and  obtained  a  curvilinear  plot*     Hoverer*  in  this  study  the  initial 
absorbancy  was  found  to  be  a  linear  function  of  tiie  aloohol  concentration,  nhon 
using  1  ml*  reagent  (200  g*  ansnonivra  hexanitrato-cerate  in  sufficient  2N 
nitric  acid  to  make  500  ml*}  plus  4  ml*  aloohol  at  500  m>ci  and  2Z°  C* 

The  initial  absorbancies  were  obtained  by  extn^olation  baok  to  zero  tins 
of  tiie  linear  portion  of  absorbancy  versus  time  plots  for  the  various  alcohols 
and  concentrations*     The  slope  of  an  initial  absorbancy  versus  concentration 
plot  (Fig*  3)  differs  for  each  of  the  alcohols  studied  (ethyl,  methyl,  butyl, 
iso-butyl,  tertiary-butyl,  and  iso-propyl)*     This  difference  suggests  that, 
in  some  instances,  deteraination  of  the  concentration  of  each  alcohol  in  a 
mixture  of  turo  alcohols  might  prove  feasible* 

Figure  4  shows  -ttiat  the  range  for  greatest  relative  accuracy  in  tijs 
detemination  of  ethyl  alcohol  concentration  by  the  proposed  method  is  between 


16 


0.8 


0.7 
0.8 


o 


U 
O 


0.7 


0.8 


0.7 


0.6 


^^ 


o^ 


^Nx 


■'^-a 


V^ 


•^^^ 


'^^CL 


^ 


22°C. 


Z5°C. 

30°C. 

0.6;^  EtOH,  500  w/jL 


'U. 


k 

V 


i 


10 


Time  after  mixing,  min. 
Fig.  6.   Temperature  dependence  study. 
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0»16  and  0»5  por  cent  ("VA),  This  upper  llzait  is  twice  the  concentration 
glTOi  by  Duke  (2}»  Beers  law  is  followed  for  ethyl  alcohol  from  0*05  to 
1*5  per  cmt  i^/v),   pemitting  detenainations  at  still  higher  oonceatratlons* 
Duke  also  states  that  the  tertiaiy-butyl  alcohol  complex  is  stable  and  th« 
present  study  shows  a  definite,  although  slight,  decrease  in  absorbanoy  wilh 
time  for  the  tertiajy-butyl  alcohol  ocsjQ)lex»  This  complex  is  much  more  stable 
than  the  coBplMces  formed  with  other  alcohols.  HowBTsr,  the  decay  of  color 
must  be  considered  'Aen  determining  oonoentration* 

None  of  the  previously  published  works  on  the  use  of  this  complex  for 
alcohol  determination  make  any  mention  of  the  necessity  for  tetaperature 
control.  From  this  study,  it  is  evident  that  control  of  temperature  wilfain 

1  or  2  degrees  is  ess^itial  for  accurate  and  reproducible  results  in  qxiantita- 
tive  determinations* 

The  reagent  as  diluted  for  a  blank  was  found  to  be  stable  for  at  least 

2  hours  at  20  C*  The  reagent  was  fowid  to  be  stable  for  at  least  9  months 
at  room  ten^rature* 

The  data  of  Fig*  5  on  initial  absorbenoy  suggest  use  of  a  water  blank 
to  determine  ethyl  alcohol  at  concentrations  lower  than  0*16  per  cent. 
Higher  absorbanoy  readings  are  obtained  with  the  water  blank  than  with  the 
cerate  reagent  blank.  A  filter  photometer  could  probably  be  used  instead  of 
the  Beokman  spectrophotometer  if  some  means  for  toaperature  control  and  a 
filter  passing  wave  leng-Ois  between  500  mju    and  510  m//  were  available. 
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DETEBMINATIOS  OF  TELLORIC  ACID 

Literature  Surrey 

A  seardh  of  the  literat\ire  re^roala  Turious  nethoda  for  Ihe  determination 
of  telluric  aoid,  including  ref raotonotr ic  analysie.  Urban  and  Meloohe  (11 )| 
aold-baeo  titration,  Rosenheim  and  Weinheber  (10)|  and  oxidation-reduction 
methods,  Goooh  and  Howland  (5)  and  Lingane  and  Niedrach  (7), 

Reagents  and  Bquipme&t 

1,  TellvJTio  aoid  prepared  by  the  n»1faod  of  Homer  ayad  Leonard  (6)  and 
purified  by  repeated  reorystallisation  from  water* 

2*  Selenio  aoid  prapared  by  the  method  of  Gilbertson  and  King  (4)« 

9*  Other  reagsnts  of  reagmt  grade* 

4*  Bookman  Model  DU  speotrophotonieter  equipped  with  a  water- Jacketed 
lamp  housing,  a  set  of  thermospaoers,  and  1-om*  silica  absorption  cells* 

5*  Constant  temperature  bath  (Sargent  S-84860). 

6*  Centrifugal  pump  for  oirovilating  water  from  the  constant  tesQwrature 
bath  through  the  thermospaoers  and  lamp  houaing  cooling  col  la  of  the  spectro- 
photometer* 

Experimental  Data 

Preliminary  investigations  indicated  that  at  least  2  species  of  tellurie 
acid  existed  in  aqueous  medium.  The  equilibriim  between  these  species  appears 
to  be  pH  dependent*  Figure  7  ahows  ths  ahift  of  the  telluric  acid  absorption 
spectrum  with  increasing  concentration  of  sodium  hydroxide*  The  absorbanoy 
of  a  girsn  oonosntration  of  telluric  aoid  and,  therefore,  the  sensitivity  of 
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a  ipeotrophotometrio  detemination,  is  increased  by  the  addition  of  base* 
Because  potassium  hydroxide  and  sodium  I:^drozide  were  fovmd  to  havs  greater 
absorbanoies  than  anmonivm  hydroxide,  the  latter  mui  selected  for  the  deter- 
mination* 

Absorption  data  were  obtained  on  solutions  of  nitric  aoid,  hydroohlorie 
acid,  perchloric  aoid,  biA   sulfuric  acid.  Curros  of  this  data  show  that  the 
absorbanoy  of  chloride,  perohlorate,  and  sulfate  ions  should  not  interfere  to 
any  extent  above  250  m/^  •  The  nitrate  ion  showed  a  definite  absorbanoy  vq?  to 
530  m/A  •  Howemr,  the  nitrate  ion  absorbanoy  curve  shows  a  minimum  at  2S0  m^ 
and  a  aaximum  at  500  nut  ,  Since  the  absorbanoy  of  tellurate,  even  in  ths  presenee 
of  base,  is  too  low  at  wave  lengths  which  would  permit  determination  without 
interference  fron  nitrate  ion  absorbanoy,  260  m/x  was  selected  for  this  stu^y. 

To  determine  ths  optimum  concentration  of  base,  data  wer^  obtained  on  two 
different  concentrations  of  telluric  acid  (Fig,  8).  Curves  from  this  data 
showed  that  ths  absorbanoies  of  tiie  2  oonoentraidons  of  telluric  acid,  wit4i 
increasing  concentration  of  ammonium  hydroxide,  became  essentially  constant  at 
0»Q8  M  anraonium  hydroxide,  allfcou^  there  is  a  twenty*>fold  difference  in  tbs 
concentrations  of  telluric  acid.  The  0«08  M  telluric  aoid  is  about  6  timet 
more  concentrated  than  the  highest  concentration  that  could  be  measured  at 
260  To/j.   with  0*66  M  anmonivBH  hydroxide. 

The  BetlK>d  used  for  the  remaining  studies  was  as  followsi 

The  amount  of  stock  telluric  aoid  to  give  the  final  concentration  desired 
was  placed  in  a  100  ml.  flask  and  10  ml,  of  6,6  U  amrronlum  hydroxide  added* 
After  nixing,  the  flask  was  fiUed  to  the  mark  with  distilled  water  and  placed 
in  a  constant  ten^wrature  bath  until  temperature  equilibrium  was  reached,  Ths 
absorbsnoy  was  then  measured  at  260  m^   with  the  cell  oompartmmt  at  the  svae 
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tM^er&ture  as  tho  iMitii*     0*66  U  aimaoniioi  hydi*oxide  was  used  as  a  blank* 
Table  6  girea  data  for  Fig*  9,  a  i^loal  calibration  plot  idiioh  shows  tiiat 
the  absorbonoy  of  tellurio  aoid  solutions  in  0*66  M  •Iaaoni^2m  hydroxide  follows 
Beers  lav  up  to  a  oonoentration  of  156  zog/lOO  ml*  with  only  a  slight  steep- 
ening of  the  slope  above  that  oonoentration* 

Figure  10,  in  whi<di  per  oent  transmittanoy  was  plotted  against  log  ocsa- 
oentration  (Ayers  (1)  and  Ringbom  (9)}  shows  that  tiie  optimxsa  oonoentration 
range  for  the  conditions  xiaed  is  from  65  to  210  zog*  of  tellurio  aoid  per  100 
ml.     In  this  range,  the  relative  analysis  error  is  less  than  0«8  per  oent  for 
a  precision  of  0*2  per  oent  in  measuring  tiie  tranenittanoy.     Concentrations 
of  tellurio  aoid  l<xrer  than  65  mg/lOO  ml.  can  be  determined  at  260  m/t   ,  but 
the  relative  analysis  error  will  increase  as  the  ooncaitration  of  the  saispl* 
is  decreased.     Analyses  of  10  separately  prepared  san5>les,  each  containing 
92  mg*  tellurio  acid,  gave  an  average  value  of  91*94  mg.  with  an  average 
deviation  of  0*11  mg,,  a  range  of  0*52  mg*,  and  a  standard  deviation  of  0*16  n%t 

Effect  of  Temperature*     Determination  of  the  effect  of  temperature  on 
absorbanoy  (Fig.  11)  shows  that  there  is  a  change  of  0*002  in  the  abeorbanoy 
per  degree  change  in  temperature*     The  absorbanoy  was  detemined  at  21°  C. 
before  and  after  the  determinations  at  the  higher  temperat\irea  and  the  same 
value  obtained.     This  indicated  that  no  permanent  change  in  the  adsorbing 
species  took  place  vihon  the  tsoperature  was  raised*     Since  the  temperature  of 
the  Beclcnan  cell  compartment  was  easily  maintained  within  plus  or  minus  0*5 
degree,  the  error  due  to  t«nperature  fluctuation  was  well  within  instrumental 
reading  errors* 

Interferwxces.     The  maximum  amount  of  several  possible  contaminants 
which  could  be  present  without  interference  was  determined  (Table  7).     The 
absorbancies  of  series  of  solutions  containing  the  sane  concentration  of 
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Table  6.    Ab«ort)«ney  at  22°±  0t6^ 
U  NH  OR,  UBing  an 

md.  260  TOM  of  K  TeO,  aolutiona  in  0,66 
0.66  M  NH^OH  blink.'' 

Mg  HgTeO  VlOO  ml. 

-T      " 

J  Corrected 
t  Abaorbanoy 

1 

• 

t 
1 

f% 

HgTaOVlOO  ml. 

! 
t 
1 

Corrected 
Abaorbanoy 

9,2 

0,058 

174,8 

0.686                                ! 

18,4 

0.078 

184,0 

0.723                                  ' 

i 

27,6 

0,110 

198,2 

0.762 

86,8 

0,141 

202.4 

0.804 

46*0 

0.175 

211.6 

0.848 

55.2 

0.208 

220.8 

0.887 

1 

64*4 

0.242 

230.0 

0.987                                   ' 

1 

7S,6 

0.277 

289,2 

0,984 

82,8 

0,315 

248,4 

1.034 

92*0 

0.S51 

257.6 

1.075 

101,2 

0.S85 

266.8 

1.135 

110.4 

0.418 

276.0 

1,180 

119.6 

0.455 

285.2 

1.2S5 

123,8 

0,495 

294.4 

1.288                                 j 

158.0 

0.527 

303.6 

1,337                                   ^ 

147.2 

0.565 

312.8 

1.899 

156.4 

0.599 

322.0 

1.460 

165.6 

0.645 

1 
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Fig.  11.   Temperatiu-e  dependence  study,  0.004  M  H  TeO 
in  0.66  M  WH^OH  at  260  i^x  ,  using  a  0.66  M  M~OH  blank. 
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telluric  acid  and  anmonixm  hydroxide  with  inoreasiag  concentrationo  of 
contaminant  were  deteralned*     The  maximmi  concentration  of  eaoh  i!i$>uritgr 
i*ich  did  not  interfere  is  given  in  Table  7.     Ko  study  was  imde  on  the  inter- 
action of  'ttiese  contniinants  when  present  in  the  ssme  solution* 


Table  7*     IiiQ>urity  levels  above  which  interference  occurred  in  determination 
of  HgTeO     (92  BfiAoO  ml.)  at  260  mfA.    and  21     C,  in  0»68  M  NH^OH. 


Iiapuri"ty 


Allowable  concentration,  mg/lOO  ml* 


HNO, 


«2«°4 


mx 


HCIO. 


n.po 

3     4 

HC.H  0 
2  3  2 

NaOH 


9.6 

9.8 
2,9 
5,6 
15*0 
4.0 
6.0 
8.0 


Disoussion  snd  Conclusions 


The  procedure  developed  in  this  study  provides  a  single,  rapid,  direct, 
and  precise  method  for  the  determination  of  telluric  acid*  It  is  applicable 
within  the  limits  given  in  Table  7,  to  the  determination  of  telluric  acid  in 
the  presence  of  other  acids  or  bases* 

Al-though  teoperatiure  control  is  required  when  xising  this  metliod«  readily 
available  thensostatio  devices  are  suitable  for  maintaining  tttnperatures 
within  plxis  or  minus  0*5  degree*  The  refractometrio  method  suggested  for 
telluric  acid  requires  more  accurate  temperature  control  apparatus*  The 
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reproducibility  of  absorbemcy  readings  at  a  given  temperature  after  heating 
and  oooling  t 'e  solutions  shows  that  solutions  could  be  left  at  room  tempera- 
ture after  mixing  imtil  the  analyst  was  ready  to  complete  Ihe  determination* 

The  permissible  concentration  of  impurities  nay  be  extended  by  a  study  of 
the  particular  ions  present.     Wi-tti  nitrate  ion,  absorbanoy  readings  at  260  m^ 
BXiA  ZOO  m/u   would  permit  determination  of  nitrate  ion  and  telluric  acid.     Th« 
usual  oaloulatlons  are  simplified  in  "ttiis  case  because  telluric  acid  does  not 
absorb  at  300  m/<. .     The  use  df  a  buffer  of  ammonium  tydroxide  and  aKinonium 
sulfate,   instead  of  just  anunoniun  hydroxide,  will  help  to  extend  tiie  perniissible 
limits  of  impurities.     These  modifications  would  not  be  general,  but  would 
apply  only  to  the  conditions  for  liiioh.  Mxey  were  developed. 
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The  thotis  is  preseoited  in  tao  seotlona,  determination  of  aloohols  and 
determination  of  telluric  aoid.  Both  studieg  were  done  with  the  Beoksaan 
gpectrophotometer  equipped  with  a  water- jacketed  lan^  housing  and  a  set  of 
tiiemospaoers* 

Aloohols 

The  study  on  alcohols  was  ucderteken  to  deterndne  whether  the  rate  of 
oolor  deoaiy  of  the  colored  complex  foriaed  when  an  alcohol  is  mixed  with 
aBaeniUBh>h«xanitrato«>oerate  reagent  could  be  used  as  a  quantitative  method 
of  alcohol  determination*     SJbaple  and  rapid  siethods,  especially  for  ths 
determination  of  low  concentrations  of  ethyl  alcohol  in  soiall  sssiples  (e*  g*« 
blood  alcohol  level),  are  needed*     It  was  felt  that  a  speetrophotometrio 
method  suitable  for  direct  determination  of  alcohol  might  prove  to  be  niore 
siaple  and  rapid,  and  also  more  acovirate  than  existing  methods* 

The  reagent,  as  used  in  this  stu^,  was  200  g*  eeisioniun  hexonitrato- 
cerate  in  sufficient  2N  nitric  aoid  to  rmke  800  lal.     Both  reagent  and  alcohol 
were  equilibriated  in  a  constant  tes^rature  bath  before  mixing*     The  method 
developed  was  the  addition  of  1  ml*  of  cerate  reagent  to  4  ml*  of  alcohol, 

with  no  further  dilution*    With  the  teE?)erature  of  the  cell  conqjartmsBt  at 

o 
22    C*  and  wave  length  set  at  500  m/x  ,  the  absorbancy  of  cerate  plus  alcohol 

solutions  was  determined,  using  a  cerate  blank*     The  rate  of  decay  decreased 

as  -tiie  concentration  of  alcohol  decreased*     These  plots  of  absorbancy  versus 

time  showed  that  the  decrease  in  absorbancy  was  linear  for  the  period  between 

2  and  5  minutes  after  mixing,  permitting  extrapolation  back  to  sero  time* 

It  was  found  that  the  rate  of  oolor  decay  was  indicative  of  the 

alcohol  concentration,  but  that  the  initial  or  sero  time  absorbancy  provided 


a  hotter  method  for  quantitative  determination.     The  initial  abaorbancy 
folloired  Beer*8  law  for  e-ttiyl  alcohol  from  0»05  per  cent  to  1*5  per  cent 
(V/\r),  with  the  range  for  greateat  relative  accuracy  between  0.16  per  cent 
and  0*50  per  cent* 

The  reagwt  as  prepared  was  found  to  be  stable  at  room  temperatvires 
for  at  least  9  months  and,  idien  diluted  for  use  as  a  blank,  to  be  stable 
at  22°  C,  in  the  speotrophotoxneter  cell  oon^artmant  for  at  least  2  hotirs* 

None  of  Ihe  previously  published  norks  on  the  use  of  liiis  oa^lex  for 
alcohol  determination  raake  any  mention  of  tJie  necessity  for  temperatxire 
control.     From  this  study,  it  is  evident  that  control  of  temperature  within 
1  or  2  degrees  is  essential  for  accurate  and  reproducible  results  in  quanti- 
tative deteminations. 

Tellurtc  Acid 

A  need  existed  for  a  method  of  determining  telluric  acid  in  the  presenoe 
of  sinall  aaounts  of  other  acids.     Prior  to  this  studj^,  the  methods  liiich  had 
besn  used  for  ttie  determination  of  telluric  acid  were  involved,  time-consuming, 
and  required  careful  oontjrol  of  experimental  conditions.     Since  telluric  acid 
solutions  absorb  in  the  ultraviolet,  it  was  felt  that  a  speotrophotometric 
method  mi^t  provide  rapid  and  accurate  determinations  for  the  pure  tellurio 
aeid,  end  possibly  eliminate  the  interference  by  other  acids* 

The  a»ihod  developed  was  dependent  v^on  the  shift  of  the  tellwate's 
absorption  spectrum  in  the  ultraviolet  region  as  the  pH  of  the  solution  was 
increased.     The  sample  of  telluric  acid  was  placed  in  a  100  ml.  volumetrie 
flask,  10  ml.  of  6.6  M  anmonium  hydiroxide  was  added  and  mixed  thorou^ly. 
After  mixing,  ths  flask  was  filled  to  the  mark  with  distilled  water  and 


plaoed  in  a  constant  tenparature  bath  until  twiperatvira  aquilibrium  was 
raaehed*     Than,  the  absorbancy  at  260  ni^  with  the  oell  compartmant  at  tha 
MBia  tAperatura  as  Ilia  bath  waa  xaaaaured.    0*66  U  aanonium  hydroxida  was 
uaad  aa  a  blank* 

Under  Hie  conditions  of  the  detormination.  Beer's  law  waa  fbllow^ 
vp  to  156  zag*  of  telluric  acid  per  100  ml*  of  solution*     For  ainiaMn 
relative  error,  the  concentration  range  of  telluric  aoid  should  be  betaaan 
65  and  210  Qg*  per  100  ml* 

Althou^  taaperature  oontrol  is  required  whan  using  Ihis  method, 
readily  available  thermostatic  devices  are  suitable*     Abaorbanoy  increases 
only  0*002  per  degree  C*«  and  with  variations  of  plus  or  minus  0*5  ,  the 
error  due  to  taaperature  fluctuation  is  wiiiiin  Inatznutental  reading  errora* 

Limited  amounta  of  other  aoida  or  sodium  hydroxide  may  be  present  wil^out 
intarferenoe*     The  paraissible  conc^itration  of  impurities  may  be  extended 
by  a  stu^y  of  the  particular  ions  preaasat*    With  nitrate  ion,  abaorbancy 
raadlnga  at  S60  m^  end  300  n^  would  peirmit  determination  of  both  nitrata 
ion  and  telluric  acid* 


